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Semileptonic Bq → D∗q lν (q = s, d, u) transitions in QCD
M. Bayar, K. Azizi1
1Physics Department, Middle East Technical University, 06531 Ankara, Turkey
The form factors relevant to Bq → D
∗
q (J
P = 1−)ℓν (q = s, d, u) decays are calculated in the
framework of the three point QCD sum rules approach. The heavy quark effective theory prediction
of the form factors are obtained. The total decay width and branching ratio for these decays are
also evaluated using the q2 dependencies of these form factors.
Semileptonic pseudoscalar Bq decays are crucial tools
to restrict the Standard Model (SM) parameters and
search for new physics beyond the SM. These decays pro-
vide possibility to calculate the elements of the Cabbibo-
Kobayashi-Maskawa (CKM) matrix, leptonic decay con-
stants as well as the origin of the CP violation.
Bq → D∗q lν decas occur via b→ c transition and form
factors are central objects in studying of the these decays.
For the calculation of these form factors, we use the QCD
sum rules method.
Sum rules for the Bq → D∗q ℓν transition form factors
The Bq → D∗q transitions occur via the b→ c transition
at the quark level. At this level, the matrix element for
this transition is given by:
Mq =
GF√
2
Vcb ν γµ(1− γ5)l c γµ(1− γ5)b. (1)
To derive the matrix elements for Bq → D∗q lν decays, it
is necessary to sandwich Eq. (1) between initial and final
meson states. The amplitude of the Bq → D∗q lν decays
can be written as follows:
M =
GF√
2
Vcb ν γµ(1− γ5)l
< D∗q(p
′, ε) | c γµ(1− γ5)b | Bq(p) > . (2)
Considering Lorentz and parity invariances, the matrix
element < D∗q(p
′, ε) | cγµ(1 − γ5)b | Bq(p) > appearing
in Eq. (2) can be parameterized in terms of the form
factors below:
< D∗q(p
′, ε) | cγµb | Bq(p) >= i fV (q
2)
(mBq +mD∗q )
εµναβε
∗νpαp′β,
(3)
< D∗q(p
′, ε) | cγµγ5b | Bq(p) > = i
[
f0(q
2)(mBq +mD∗q )ε
∗
µ
− f+(q
2)
(mBq +mD∗q )
(ε∗p)Pµ − f−(q
2)
(mBq +mD∗q )
(ε∗p)qµ
]
,
(4)
where fV (q
2), f0(q
2), f+(q
2) and f−(q2) are the tran-
sition form factors and Pµ = (p + p
′)µ, qµ = (p − p′)µ.
In order to calculate these form factors, the QCD sum
rules method is applied. Initially the following correlator
is considered:
ΠV ;Aµν (p
2, p′2, q2) = i2
∫
d4xd4ye−ipxeip
′y
× < 0 | T [JνD∗q (y)JV ;Aµ (0)JBq (x)] | 0 >, (5)
where JνD∗q (y) = qγνc and JBq (x) = bγ5q are the inter-
polating currents of D∗q and Bq mesons, respectively and
JVµ = cγµb and J
A
µ = cγµγ5b are vector and axial vector
transition currents.
From the QCD (theoretical) sides, Πµν(p
2, p′2, q2) can
also be calculated by the help of OPE and the double dis-
persion representation for the coefficients of correspond-
ing Lorentz structures as:
Πperi = −
1
(2π)2
∫
ds′
∫
ds
ρi(s, s
′, q2)
(s− p2)(s′ − p′2)+ subt. terms.
(6)
The spectral densities ρi(s, s
′, q2) can be calculated
from the usual Feynman integral with the help of
Cutkosky rules which implies that all quarks are real.
After calculations for the corresponding spectral densi-
ties the following expressions are obtained:
ρV (s, s
′, q2) = 4NcI0(s, s
′, q2)
[(mb −mq)A+ (mc −mq)B −mq] ,
ρ0(s, s
′, q2) = −2NcI0(s, s′, q2)
[
2m3q − 2m2q(mc +mb)
+ mq(q
2 + s+ s′ − 2mbmc) + [q2(mb −mq)
+ s(3mq − 2mc −mb) + s′(mq −mb)]A
+ [q2(mc −mq) + s(mq −mc)
+ s′(3mq − 2mb −mc)]B + 4(mb −ms)C
]
,
ρ+(s, s
′, q2) = 2NcI0(s, s
′, q2)
[
mq + (3mq −mb)A
+ (mq −mc)B
+ 2(mq +mb)D + 2(mq −mb)E
]
,
ρ−(s, s
′, q2) = 2NcI0(s, s
′, q2)
[
−mq + (mq +mb)A
2− (mq +mc)B + 2(mq −mb)D
+ 2(mb −mq)E
]
,
(7)
where
I0(s, s
′, q2) =
1
4λ1/2(s, s′, q2)
,
λ(a, b, c) = a2 + b2 + c2 − 2ac− 2bc− 2ab, (8)
∆ = m2b −m2q − s,
∆′ = m2c −m2q − s′,
u = s+ s′ − q2,
A =
1
λ(s, s′, q2)
(∆′u− 2∆s),
B =
1
λ(s, s′, q2)
(∆u− 2∆′s),
C =
1
2λ(s, s′, q2)
(∆′2s+∆2s′ −
∆∆′u+m2q(−4ss′ + u2)),
D =
1
λ(s, s′, q2)2
[−6∆∆′s′u+∆′2(2ss′ + u2)
+ 2s′(3∆2s′ +m2q(−4ss′ + u2))],
E =
1
λ(s, s′, q2)2
[−3∆2s′u+ 2∆∆′(2ss′ + u2)
− u(3∆′2s′ +m2q(−4ss′ + u2))]. (9)
The subscripts V, 0 and ± correspond to the coeffi-
cients of the structures proportional to iεµναβp
′αpβ , gµν
and 12 (pµpν ± p′µpν), respectively. In Eq. (7) Nc = 3 is
the number of colors.
The contribution of power corrections, i.e., the contri-
butions of operators with dimensions d = 3, 4 and 5, are
given in Ref. [1].
By equating the phenomenological expression and the
OPE expression, and applying double Borel transforma-
tions with respect to the variables p2 and p′2 (p2 →
M21 , p
′2 →M22 ) in order to suppress the contributions of
higher states and continuum, the QCD sum rules for the
form factors fV , f0, f+ and f− are obtained:
fi(q
2) = κ
(mb +mq)
fBqm
2
Bq
η
fD∗qmD∗q
e
m2Bq/M
2
1
+m2
D∗q
/M2
2
×[ 1
(2π)2
∫ s′
0
(mc+ms)2
ds′
∫ s0
f(s′)
dsρi(s, s
′, q2)e−s/M
2
1
−s′/M2
2
+Bˆ(f
(3)
i + f
(4)
i + f
(5)
i )],
(10)
where i = V, 0 and ±, and Bˆ denotes the double Borel
transformation operator and η = mBq+mD∗q for i = V,±
and η = 1mBq+mD∗q
for i = 0 are considered. Here κ = +1
for i = ± and κ = −1 for i = 0 and V . In Eq. (10), in
order to subtract the contributions of the higher states
and the continuum, the quark-hadron duality assumption
is used.
Next, we present the infinite heavy quark mass limit of
the form factors for Bq → D∗q lν transitions. In HQET,
the following procedure are used (see [2, 3, 4]). First, we
use the following parametrization:
y = νν′ =
m2Bq +m
2
D∗q
− q2
2mBqmD∗q
(11)
where ν and ν′ are the four-velocities of the initial and
final meson states, respectively and y = 1 is so called
zero recoil limit. Next, we try to find the y dependent
expressions of the form factors by taking mb →∞, mc =
mb√
z
, where z is given by
√
z = y +
√
y2 − 1 and setting
the mass of light quarks to zero. In this limit the Borel
parameters take the formM21 = 2T1mb andM
2
2 = 2T2mc
where T1 and T2 are the new Borel parameters.
The new continuum thresholds ν0, and ν
′
0 take the fol-
lowing forms in this limit
ν0 =
s0 −m2b
mb
, ν′0 =
s′0 −m2c
mc
, (12)
and the new integration variables are defined as:
ν =
s−m2b
mb
, ν′ =
s′ −m2c
mc
. (13)
The leptonic decay constants are rescaled:
fˆBq =
√
mbfBq , fˆD∗q =
√
mcfD∗q . (14)
After the standard calculations, we obtain the y-
dependent expressions of the form factors as follows:
fV =
(1 +
√
z)
48fˆD∗q fˆBqz
1/4
e
( Λ
T1
+ Λ
T2
)
{
3
π2(y + 1)
√
y2 − 1∫ ν0
0
dν
∫ ν′
0
0
dν′(ν + ν′)e−
ν
2T1
− ν′
2T2
θ(2yνν′ − ν2 − ν′2) + 16 < qq >
[
1
− m
2
0
8
(
1
2T 21
+
1
2T 22
+
1
3T1T2
(1 +
1√
z
+
1
z
)
)]}
,
(15)
f0 =
z1/4
16fˆD∗q fˆBq (1 +
√
z)
e
( Λ
T1
+ Λ
T2
)
{
3
π2
√
y2 − 1∫ ν0
0
dν
∫ ν′
0
0
dν′(ν + ν′)e−
ν
2T1
− ν′
2T2
3θ(2yνν′ − ν2 − ν′2) + < qq >
√
z
3[(
1
2
+
1
2z
+
1√
z
)(
16−m20(
1
T 21
+
1
T 21
)
)
− m
2
0
T1T2
(
1 +
1
3z
3
2
+
4
3
√
z
+
1
z
+
√
z
3
)]}
, (16)
f+ =
(1 +
√
z)
96fˆD∗q fˆBqz
1/4
e
( Λ
T1
+ Λ
T2
)
{
9
π2(y + 1)
√
y2 − 1∫ ν0
0
dν
∫ ν′
0
0
dν′(ν + ν′)e−
ν
2T1
− ν′
2T2
θ(2yνν′ − ν2 − ν′2)− 16 < qq >
[
1
+
m20
8
(
1
2T 21
+
1
2T 22
+
1
3T1T2
(1 +
1√
z
+
1
z
)
)]}
,
(17)
f− = − (1 +
√
z)
96fˆD∗q fˆBqz
1/4
e
( Λ
T1
+ Λ
T2
)
{
9
π2(y + 1)
√
y2 − 1∫ ν0
0
dν
∫ ν′
0
0
dν′(ν + ν′)e−
ν
2T1
− ν′
2T2
θ(2yνν′ − ν2 − ν′2) + 16 < qq >
[
1−
m20
8
(
1
2T 21
+
1
2T 22
+
1
3T1T2
(1 +
1√
z
+
1
z
)
)]}
,
(18)
where Λ = mBq −mb and Λ¯ = mD∗q −mc.
Numerical analysis This section is devoted to the
numerical analysis for the form factors fV (q
2), f0(q
2),
f+(q
2) and f−(q2). The threshold parameters s0 and s′0
are determined from the two-point QCD sum rules: s0 =
(35±2)GeV 2 [5] and s′0 = (6−8)GeV 2 [6]. The Borel pa-
rameters M21 and M
2
2 are not physical quantities, hence
form factors should not depend on them. Reliable regions
for Borel parameters are 10 GeV 2 < M21 < 25 GeV
2 and
4 GeV 2 < M22 < 10 GeV
2.
To determine the decay width of Bq → D∗q lν, the q2
dependence of the form factors fV (q
2), f0(q
2), f+(q
2) and
f−(q2) in the whole physical region m2l ≤ q2 ≤ (mBq −
mD∗q )
2 are needed. The value of the form factors at q2 =
0 are given in Table I.
Figs. 1, 2, 3 and 4 show the dependence of the form
factors fV (q
2), f0(q
2), f+(q
2) and f−(q2) on q2. To find
the extrapolation of the form factors, we choose the fol-
lowing fit function.
fi(q
2) =
a
(q2 −m2B∗)
+
b
(q2 −m2fit)
. (19)
fi(0) Bs → D
∗
s ℓν Bd → D
∗
dℓν Bu → D
∗
uℓν
fV (0) 0.36 ± 0.08 0.47 ± 0.13 0.46± 0.13
f0(0) 0.17 ± 0.03 0.24 ± 0.05 0.24± 0.05
f+(0) 0.11 ± 0.02 0.14± 0.025 0.13± 0.025
f−(0) −0.13 ± 0.03 −0.16± 0.04 −0.15± 0.04
TABLE I: The value of the form factors at q2 = 0
.
The values for a, b and m2fit are given in Table II for
example for s case.
a b m2fit
fV 55.03 -54.30 23.18
f0 1.43 -4.32 18.80
f+ 1.14 -2.57 14.88
f− -2.80 3.43 14.60
TABLE II: Parameters appearing in the fit function for form
factors of the Bs → D
∗
s(2112)ℓν at M
2
1 = 19 GeV
2, M22 =
5 GeV 2.
In deriving the numerical values for the ratio of the
form factors at HQET limit, we take the value of the Λ
and Λ obtained from two point sum rules, Λ = 0.62GeV
[7] and Λ = 0.86GeV [8]. The following relations are de-
fined for the ratio of the form factors,
R1(2)[3] =
[
1− q
2
(mB +mD∗)2
]
fV (+)[−](y)
f0(y)
,
R4(5) =
[
1− q
2
(mB +mD∗)2
]
f+(−)(y)
fV (y)
,
R6 =
[
1− q
2
(mB +mD∗)2
]
f−(y)
f+(y)
,
(20)
The numerical values of the above mentioned ratios
and a comparison of our results with the predictions of
[9] which presents the application of the subleading Isgur-
Wise form factors for B → D∗ℓν are shown in Table
III. Note that the values in this Table are obtained with
T1 = T2 = 2 GeV correspond to M
2
1 = 19 GeV
2 and
M22 = 5 GeV
2.
The next step is to calculate the differential decay
width in terms of the form factors ( see Ref. [1]). The
branching ratios are obtained as:
B(Bs → D∗s(2112)ℓν) = (1.89− 6.61)× 10−2,
B(Bd → D∗d(2010)ℓν) = (4.36− 8.94)× 10−2,
B(Bu → D∗u(2007)ℓν) = (4.57− 9.12)× 10−2. (21)
4y 1 (zero recoil) 1.1 1.2 1.3 1.4 1.5
q2(GeV 2) 10.69 8.57 6.45 4.33 2.20 0.08
R1 1.34 1.31 1.25 1.19 1.10 0.95
R2 0.80 0.99 1.10 1.22 1.30 1.41
R3 -0.80 -0.79 -0.80 -0.81 -0.80 -0.80
R4 0.50 0.64 0.77 0.94 1.20 1.46
R5 -0.50 -0.51 -0.56 -0.62 -0.71 -0.89
R6 -0.80 -0.67 -0.64 -0.61 -0.55 -0.53
R1 [9] 1.31 1.30 1.29 1.28 1.27 1.26
R2 [9] 0.90 0.90 0.91 0.92 0.92 0.93
TABLE III: The values for the Ri and comparison of R1,2
values with the predictions of [9].
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